(CT), using an ankle traction system but without joint space expansion, such as saline injection into the ankle joint, has been conducted. 9 However, to our knowledge, there has been no cadaveric study of the distance between the anterior distal tibial edge and the ATA on CT in cadaveric ankles with saline injection and an ankle distraction system to obtain reproducible joint space expansion in response to elevated hydrostatic pressure during anterior ankle arthroscopy.
The purpose of this study was to assess the difference in distance between the anterior distal tibial edge and the ATA in distraction and nondistraction with joint space expansion so that anterior ankle arthroscopy can be performed safely during osteophyte removal or synovectomy of the anterior ankle joint. We hypothesized that the distance between the anterior distal tibial edge and the ATA in nondistraction and distraction of the ankle with joint space expansion by saline injection into the joint changed during anterior arthroscopic surgery.
Materials and Methods
The study was approved by the research board at our hospital, and 8 fresh-frozen adult cadaveric feet (4 male and 4 female, 5 right and 3 left) were used. The mean age at the time of death was 78.9 (range, 48-92) years. Cadavers with a history or signs of previous ankle trauma or surgery, congenital or developmental deformities, or inflammatory arthritis were excluded.
The vessels were flushed with warm normal saline solution through a plastic catheter placed in the popliteal artery of each specimen. Barium sulfate suspension (Barytester; Fushimi Pharmaceutical, Marugame, Japan) was injected into the popliteal artery with firm manual pressure. The ankle was then scanned in nondistraction by CT. Next, 20 mL of saline was forcibly injected into the ankle joint, and the same ankle in nondistraction was scanned by CT. A device developed to reproducibly obtain ankle distraction on CT was then attached to the ankle, a 5-kg or 10-kg weight was attached to the device, and the ankle was scanned by CT ( Figure 1 ). This custom-made device also controlled ankle position, and held a defined ankle plantarflexion position. Then, 5 kg or 10 kg of force was applied in this study because Takao et al 27 reported that 90% ankle joint opening was obtained with 78 N (8 kg) of distraction, the ankle joint space was 4 mm after the distraction method, and the patient felt pain with distraction of more than 98 N (10 kg).
Enhanced multi-lice CT images of the lower extremity were obtained with the Somatom Emotion 16 (Siemens Healthcare, Erlangen, Germany) in 1.0-mm-thick axial slices. Images were reviewed at the bone window setting (window, 2200; level, 200). The ankle joint space was measured on the sagittal CT images (Figure 2 ), followed by measurement of the shortest distance between the ATA and the most proximal part of the anterior distal tibial edge, the middle part of the anterior distal tibial edge, and the most distal part of the anterior distal tibial edge (the anterior border of the inferior tibial articular facet) on the sagittal planes of the CT images in which the ATA had the widest diameter ( Figure 2 ). The averages of 3 sets of measurements performed by the same independent orthopedic surgeon (I.T.) blinded to the experimental conditions were recorded for analysis.
Statistical Analysis
The statistical analysis was performed using SPSS statistical software (SPSS, Inc, an IBM Company, Chicago, IL). All data to be analyzed were reported as the mean and the parametric 95% confidence interval (95% CI). The mean values for each ankle parameter under each experimental condition were compared using 2-way analysis of variance, followed by the Tukey-Kramer test. A P value of less than .05 was considered statistically significant.
Results
The results are summarized in Supplemental Table S1 , and representative CT images are shown in Figure 3A -D. The average ankle joint space was 3.0 (range, 2.0-3.6; 95% CI, 2.6-3.3) mm in nondistraction without saline injection, 5.1 (range, 3.9-5.9; 95% CI, 4.6-5.6) mm in nondistraction with saline injection, 6.0 (range, 4.5-6.7; 95% CI, 5.5-6.4) mm in 5-kg distraction with saline injection, and 6.8 (range, 5.9-7.7; 95% CI, 6.4-7.3) mm in 10-kg distraction with saline injection (Figure 4 ). The joint space was increased by intraarticular injection of saline and increased further as the distraction force increased (Figure 4 ). There were significant differences in the joint space between the nondistraction ankle without saline injection and the nondistraction ankle with saline injection, the 5-kg distraction ankle with saline injection and the 10-kg distraction ankle with saline injection, the nondistraction ankle with saline injection and the 10-kg distraction ankle with saline injection, and the nondistraction ankle with saline injection and the 10-kg distraction ankle with saline injection (all P < .05; Figure 4) .
In this study, the average distance between the ATA and the most proximal, middle, and most distal parts of the anterior distal tibial edge was 0.5 (range, 0-1.8; 95% CI, 0-1.1) mm, 3.9 (range, 2.2-6.0; 95% CI, 3.1-4.7) mm, and 7.4 (range, 5.0-9.8; 95% CI, 6.2-8.6) mm, respectively, in the nondistraction ankle without saline injection; 3.7 (range, 2.0-6.9; 95% CI, 2.4-4.9) mm, 7.2 (range, 4.8-10.8; 95% CI, 5.7-8.6) mm, and 11.6 (range, 7.6-16.4; 95% CI, 9.6-13.2) mm, respectively, in the nondistraction ankle with saline injection; 2.2 (range, 1.2-3.6; 95% CI, 1.7-2.7) mm, 5.9 (range, 3.5-7.1; 95% CI, 4.7-7.0) mm, and 9.8 (range, 7.1-13.3; 95% CI, 8.4-11.2) mm, respectively, in the 5-kg distraction ankle with saline injection; and 1.7 (range, 1.0-2.7; 95% CI, 1.3-2.1) mm, 5.1 (range, 2.7-7.2; 95% CI, 4.1-6.0) mm, and 8.8 (range, 6.3-11.0; 95% CI, 7.6-10.0) mm in the 10-kg distraction ankle with saline injection (Figure 5A-C ).
There were significant differences in the distances between the ATA and the most proximal and distal parts of the anterior distal tibial edge between the nondistraction ankle without saline injection and the nondistraction ankle with saline injection, the nondistraction ankle without saline injection and the 5-kg distraction ankle with saline injection, and the nondistraction ankle with saline injection and the 10-kg distraction ankle with saline injection (all P < .05; Figure  5A -C). There were also significant differences in distance between the ATA and the middle part of the anterior distal tibial edge between the nondistraction ankle without saline injection and the nondistraction ankle with saline injection and between the nondistraction ankle with saline injection and the 10-kg distraction ankle with saline injection (all P < .05; Figure 5B ).
The average distance from the posterior wall of the ATA to the most proximal anterior cortex of the tibia, the middle anterior cortex of the tibia, the most proximal anterior cortex of the tibia, and the most distal anterior cortex of the tibia was increased by intra-articular saline injection but decreased as the distraction force increased. In the 10-kg distraction ankle, the distances were similar to those in the nondistraction ankle without intra-articular saline injection but greater than those of the nondistraction ankle without intra-articular saline injection ( Figure 5A-C) .
Discussion
This study revealed that the ankle joint access was increased with saline injection and increasing distraction, while saline injection increased the distance between the anterior distal tibial edge and the ATA and the distraction decreased that distance at all 3 levels measured. This close anatomic relationship between the ATA and the anterior distal tibial edge may be a risk factor for potential injury to the artery during procedures such as anterior ankle arthroscopy.
In this study, the ATA was located as close as 0.5 mm, 3.9 mm, and 7.4 mm in the nondistraction ankle without saline injection; 3.7 mm, 7.2 mm, and 11.6 mm in the nondistraction ankle with saline injection; 2.2 mm, 5.9 mm, and 9.8 mm in the 5-kg distraction ankle with saline injection; and 1.7 mm, 5.1 mm, and 8.8 mm in the 10-kg distraction ankle with saline injection to the most proximal, middle, and the most distal parts of the anterior distal tibial edge, respectively. However, Son et al 24 reported that the ATA was located as close as 2.3 mm to the anterior joint capsule in the ankles of 358 patients on magnetic resonance imaging. De Leeuw et al 9 also reported that the distances from the anterior border of the inferior tibial articular facet to the posterior border of the anterior tibial artery were 0.9 cm and 0.7 cm in ankle dorsiflexion and with 10 N distraction, respectively, in 6 fresh cadaveric ankle specimens. In the present study, the distance between the ATA and the anterior distal tibial edge was decreased by distraction, as reported by De Leeuw et al. 9 However, in their study, there was no ballooning of the ankle joint during anterior ankle arthroscopy. Therefore, we believe our observation was more accurate and more representative of anterior ankle arthroscopy when performed in everyday practice because we took into consideration the effects of changes in the local environment, for example, expansion of the ankle joint space by intra-articular saline injection. To our knowledge, this is the first cadaveric study to evaluate the distance between the anterior distal tibial edge and the ATA with and without intra-articular saline injection with simultaneous use of an ankle distraction device.
Various methods have been developed for distraction of the ankle joint with the objective of improving visualization and gaining access to the articular surface because of the high congruency of the joint.* However, excessive distraction of the ankle might put the ATA at greater risk of injury during removal of inflamed synovium using a shaver or during resection of osteophytes because, as this study shows, the distance between the anterior distal tibial edge and the ATA is decreased by distraction while injection of saline expands the joint space. Although distraction might be advantageous in terms of allowing direct access to the cartilage and the talar dome, releasing the distraction force on the ankle in dorsiflexion may help to increase the distance between the ATA and the anterior distal tibial edge, as well as decrease the risk of injury to the ATA during debridement of an anterior tibiotalar osteophyte, as Tonogai et al 28 and De Leeuw et al 9 have reported. Moreover, dorsiflexing the ankle may make the gutters and anterior joint line more safely accessible in the ankle, although this is likely to close the ankle joint space.
This study had several limitations, particularly the small number of specimens used because the number of freshfrozen cadavers is very small and restricted in Japan. The ankle dorsiflexed position was not studied. Moreover, Son et al 24 reported that the ATA shows lateral and medial deviation. Variability in the course of the ATA was not examined in our study because the location of the ATA might differ depending on its course. Also, an irrigation pressure pump system like we routinely use in ankle arthroscopy irrigation system was not used, although it provides much more reproducible and standardized pressure. When that higher pressure pump is clinically used for anterior ankle debridement or osteophyte removal, this could protect the ATA better. However, we believe that the experimental conditions of the study were representative of anterior ankle arthroscopic procedures performed in clinical practice.
In conclusion, the findings of this study suggest that saline injection into the ankle joint improved the joint access and protected the ATA, and ankle distraction increased the joint access but reduced the distance between the distal tibia and the ATA. We emphasize that these findings should be used with caution when addressing anterior Figure 5 . Changes of (A) the most proximal part of the anterior tibial cortex, (B) the middle part of the anterior tibial cortex, and (C) the most distal part of the anterior tibial cortex in the nondistraction ankle without saline injection, the nondistraction ankle with saline injection, the 5-kg distraction ankle with saline injection, and the 10-kg distraction ankle with saline injection. Each bar is given as the mean of 8 specimens with the parametric 95% confidence interval. * P < .05.
*References 1, 2, 5, 6, 12, 13, 18, 22, 25, 27, 29-31. ankle pathology, and directing the shaver head away from the anterior aspect of the ankle joint is obviously important when performing anterior ankle arthroscopy.
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